Any nonrelativistic theory may be rewritten by introducing fictitious elementary particles with arbitrary properties. No physical predictions are affected, provided that the interaction part of the Hamiltonian is correspondingly modified. The fictitious elementary particle provides a good representation of a real composite particle if the modified interaction is sufficiently weakened for perturbation theory to work. It corresponds to a truly elementary particle with infinite bare mass, and hence with Z =0. We show how the latter condition yields a sum rule for the coupling of a composite particle to its constituents as a function of energy. The sum rule can be used to evaluate such coupling constants as that for the proton-electron-hydrogen vertex. The mathematical method used is that developed by Schmidt for the study of the Fredholm equation, and corresponds to the extraction of a single factor from the full Fredholm determinant.
I. INTRODUCTION 'HIS is the first of a series of a,rticles, in which we hope to develop a method for the calculation of strong interaction processes.
In this first paper we show how it is possible to introduce fictitious elementary particles with arbitrary properties ("quasi-particles" ) into any nonrelativistic theory without changing any physical predictions. In order to accomplish this the interaction among the original, truly elementary, partic1es must be modified according to well-defined rules. In the second and third papers we will show that the introduction of quasi-particles in nonrelativistic theories can always be managed in such a way that the modified interaction is weaker than the original one, and in fact weak enough so that perturbation theory works. The quasi-particles must be chosen to correspond to real bound particles, or to resonances, or, more generally, to Regge poles.
In the fourth paper we will extend these ideas to the fully relativistic case. ' Here we shall see that the quasiparticles can provide the force that makes their introduction a necessity. In further papers we hope to be able to o8er a proof (or at least an argument) that the introduction of quasiparticles in relativistic theories may render the full series of Feynman diagrams convergent. And ultimately, we hope to start a program of numerical calculation.
There are some special problems which are discussed in detail in this paper. A theory modified by the introduction of elementary particles is act.ually physically equivalent to the original theory only if their bare energy is much larger than any energy explored by experiment. Or to put it another way, the quasiparticles must be introduced wiih infinite unrenormal-* Research supported in part by the Air Force Office of Scientific Research.
t Alfred P. Sloan Foundation Fellow. ' This has already been discussed in a preliminary way by the author in the Proceedings of the 196Z high Energy Conference ui-CER37 (CERN, Geneva, 1962) , p. 683. A similar but perhaps inequivalent approach to the problem of introducing composite particle fields into a Lagrangian has been developed by A. Salam, Nuovo Cimento 25, 224 (1962 2This point has also been made by M. Gell-Mann and F. Zachariasen, Phys. Rev. 124, 953 (1961) .However, they work in the dispersion formalism, so in their case the equivalence of composite and elementary particle theories is built in. In their work the bare mass has to be defined in a manner very different from our Eq. (3); also, the infinity of the bare mass is for them a definition and not a theorem. 
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(13) Then (6) -(9) may be written
«'n'I VI»= ( -Eo/»)'"«'n'I vilr&, (1S) (23) where the "propagator" is
[ 
It is our task now to show that if V is chosen according to the prescriptions (14) - (17), then in the limit as 0~+& e~'I T(w) Iz~&~& z'I'I r(w) lan).
To do this we shall have to rewrite the formulas for both T(W) and T(W).
It is well known' that T(W) can be expressed in terms of Ti(W) in a simple way:
The physical significance of these equations is apparent.
In Eq. (29) (36) and from (31), (35) , and (26) (38) Combining (36) and (38), we get If the interaction V in the elementary particle t.heory is chosen according to our rules, then (37) tells us that It has been often remarked that this inequality sets an upper limit on the coupling constant of the particle to any set of constituents, and that this limit is attained when Z=O, i.e. , when the particle is actually not elementary. We oGer here a very simple derivation of this result and give a convenient expression for the maximum coupling constant. The physical one-particle sta, te~8 ) obeys the 1=z+ dEP l(E,nl8&l~, (66) where Z is a sum over bare "elementary particle"
Schrodinger equation (46) (65) and (66) gives
(76) (77) Imagine for a moment that the state IS) was not stable, but instead was the physical "in" state corresponding to a bare state of energy E)0. Then if there were a resonance at E, the decay matrix element of the resonance into I E,e) would be 7'-(E) =(E~l I'I&)
If IG~"ql'/4m were less than 0.19 we. would conclude that the deuteron is an elementary particle, while if IG»gl'/4~r were greater than 0.19, we should ha, ve to call it a ghost.
Similarly, the effective interaction among the proton, electron, and 1s hydrogen atom may be written for F= 1 as in (74), or for 7=0: and, therefore, the total decay rate of the P particle wouM be jeff Gmseng'yY54'e 'PH.
(The density-of-states factor is included in the normalization of I E,n), which has the dimensions of E '". ) We see then that (68) just tells us that'
In other words, for particles which are only weakly bound, the decay rate the particle would have if it had energy E&0 (instead of -B&0) is, for small E,
Clearly~(E) is proportional to some effective coupling parameter, and so (70) sets an upper bound on this parameter', the maximum is attained when Z=0.
In the limit as E -+ 0, co(E) will always have the behavior u(E) -AQE (71) provided that there is a: two-body 5-wave state into which a very low energy 8 particle could decay. If the binding energy 8 of the physical bound state is sufficiently small, than (71) can be used over the whole range of integration in (70), and we get
The "decay" ra, te is given in either hyperfine state by replacing m~, m", and G»q in (75) by m~, m"and G", n.
Using (73) 9 This type of formula for coupling constants can be derived in a more familiar manner by noting that the binding energy determines the behavior of the exponential tail of a bound-state wave function. For very small binding energy, the normalization integral is dominated by the exponential tail, so its coefficient (which is the coupling constant) is determined by the binding energy. A calculation of the Z-h. -~c oupling has been carried out on these lines by Y. Nambu and J. J. Sakurai, Phys. Rev. Letters 6, 377 (1961) .We have applied I'73) Because recent data on Ese~x+x x' are at variance with the AT =1/2 rule while the data on Z+~3 ' are not, the charge space kinematics of E -+ 3'. are re-examined. Matrix elements are assumed to be at most linearly dependent on the usual variables s;, and it follows that only four of the seven possible 37i-states can contribute to the decay. Of these states, two have T = 1, the third has T = 2 and the fourth T = 3. The possible values of AT are -'"$, -', , -, ', and accordingly, the most general interaction Hamiltonian is written as the sum of four parts H"~2,each corresponding to AT=n/2 (n= 1, 3, 5, 7). It is then possible to express the matrix elements, rates and spectra of all the modes of E -+ 37T in terms of the reduced matrix elements of H I2 between the four 3'-states and the E meson. The analysis reveals that, provided the branching ratio of E2o -+37r to E2~7 T+7f-m has to be abandoned, it may still be true that the 6nal state of E~3m has isotopic spin equal to one. Our analysis shows that such a conclusion is, in fact, consistent with the present data, provided the branching ratio of E2' -+ x'x'x' toE2'~m+~x ' is assumed to be -, '.
THE LINEAR APPROXIMATION
We use the linear approximation, which appears to be in good agreement with the r and~' experimental data, and write the matrix element for Er~s r +rrs~+ns&,
